. Written informed consent was given by all patients and volunteers, and the study protocol was approved by the institutional review board.
Clinical Information
Age, gender, systolic and diastolic blood pressures (mmHg), heart rate (beats/min) and New York Heart Association (NYHA) functional class were evaluated as essential information. Cardiothoracic ratio (CTR) was examined on chest X-ray. LV end-diastolic diameter (LVDd) and end-systolic diameter (LVDs), LV ejection fraction (LVEF) were measured by standard echocardiography.
Assay of Serum TN-C Levels by ELISA
Blood samples were centrifuged at 15,000 G for 15 min, and the resulting supernatants were stored at -80°C until analysis. Serum levels of TN-C with the large subunit containing the C domain of FNIII repeats were determined using an ELISA kit with 2 monoclonal antibodies, 4F10TT and 19C4MS (IBL, Gunma, Japan), as previously described. 20 Biochemical Analysis Plasma BNP concentrations were measured using a specific immunoradiometric commercial assay kit (Shionogi, Japan). Serum C-reactive protein (CRP) concentrations were measured by latex agglutination immunophotometric assay.
Statistical Analysis
Data are expressed as means ± SD for continuous variables, and as numbers (percentages) for categorical variables. Continuous variables were analyzed by the unpaired Student's t-test. Pearson's or Spearman's correlation analysis was performed to estimate correlations between variables. A p-value <0.05 was considered statistically significant.
Results
Serum TN-C levels were significantly higher in patients with DCM than in normal volunteers (73.3±35.1 vs 30.9± 8.8 ng/ml, p<0.001). Serum TN-C levels increased according to NYHA functional class (r=0.51, p=0.0001). Furthermore, the levels were negatively correlated with LVEF (r=0.27, p=0.006), and positively correlated with LVDd (r=0.20, p=0.04), LVDs (r=0.27, p=0.005), CTR (r=0.32, p=0.002) and plasma BNP level (r=0.44, p=0.0001) (Fig 1) . However, serum CRP levels did not correlate with CTR, NYHA functional class, LVEF, LVDd, and LVDs on echocardiography, plasma BNP levels, and serum TNC levels.
Discussion
In the present study, serum TN-C levels were significantly higher in 107 patients with DCM than in 20 normal volunteers. Among the DCM patients, serum TN-C levels showed significant positive correlation with NYHA functional class, CTR, LVDd, LVDs and plasma BNP levels, and negative correlation with LVEF, indicating that the level reflects the severity of heart failure, LV dysfunction and remodeling. Our multicenter study with a larger DCM population has confirmed previous preliminary results obtained from 31 cases of DCM, 21 and further showed a clear association between higher TN-C levels and LV remodeling, as well as LV dysfunction.
Several lines of evidence suggest that inflammation plays a pathogenic role in the development and progression of congestive heart failure, influencing cardiac contractility and myocardial remodeling. [22] [23] [24] In fact, pro-inflammatory cytokines, such as tumor necrosis factor (TNF)-and interleukin (IL)-6, are known to be upregulated in the myocardium and blood stream of DCM patients, and their high expression levels correlate to progression of refractory heart failure leading to morbidity and mortality. 25, 26 It is postulated that these cytokines expressed in the failed myocardium may lead to the necrosis/apoptosis and hypertrophy of cardiomyocytes, and alter the nature of the supporting connective tissue by activating matrix metalloproteinases.
As previously reported, TN-C is specifically expressed in the myocardial inflammatory lesions of myocarditis [16] [17] [18] and AMI. 12, 15 Furthermore, serum TN-C levels are elevated in AMI patients, reflecting local expression of TN-C in the infarcted myocardium. 19 Therefore, increased serum TN-C levels in DCM patients suggest the involvement of inflammation in the myocardium. Supporting this possibility, we have recently found that most of the myocardium in DCM patients shows varying degrees of inflammation, and that expression of TN-C is enhanced in the areas of active inflammation with local tissue remodeling (unpublished data). Furthermore, after AMI, patients with high serum levels of TN-C are at higher risk of major adverse cardiac events, which suggests that the expression level of TN-C reflects remodeling activity. 19 Therefore, TN-C expression might also reflect long-term cardiac function and prognosis in DCM patients. In this study, serum CRP levels were not associated with the parameters of LV size, function or serum TN-C levels (p=0.0942), which suggests that circulating CRP levels may not reflect the severity of heart failure, LV remodeling or myocardial inflammation in patients with DCM. The origin of the elevated level of circulating TN-C in DCM is a matter of interest. It has been reported that expression of TN-C is observed in endomyocardial biopsy specimens of patients with DCM, 27 which strongly suggests that the serum TN-C arises from heart tissue. In the pathological myocardium, results obtained from experimental animal models, as well as human myocarditis samples, have identified that the major source of TN-C is interstitial fibroblasts. 12, 16, 18 Various cytokines, growth factors, hypoxia, mechanical stress, acidosis, and angiotensin II, which are important mediators of myocardial injury and inflammation during progression of heart failure in DCM, stimulate cardiac fibroblasts to synthesize TNC in vitro. 28 In addition, endothelial cells and vascular smooth muscle cells of various organs have the potential to synthesize TN-C under these same stimulations. 10, 29 The elevated levels of circulating soluble inflammatory mediators in heart failure patients might also stimulate endothelial cells of, for example, the liver, or lung, to secrete TN-C into the blood stream.
Study Limitations
Evaluation of the relationship between serum TN-C levels and the prognosis or adverse cardiac events was not conducted satisfactorily, in part because of the relatively short follow-up period. Further study is warranted to examine whether circulating TN-C levels reflect morbidity or mortality in DCM patients. Inflammatory cytokines, such as TNF-and IL-6, were not measured in enough patients in this study, partly because of the limitations of a multicenter study.
Conclusions
Our present data suggest that increased serum TN-C levels are associated with the severity of heart failure and the LV dysfunction and remodeling in patients with DCM. Further research is needed to discover whether TN-C levels are a promising biomarker for determining prognosis and evaluating therapeutic efficacy in patients with DCM.
